Effect of recombinant erythropoietin on structural changes of the retina, hemoglobin concentration and erythrocytes quantity in peripheral blood in streptozotocin-induced diabetic rats by Пасечникова, Н. В. et al.
 
68 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 6, 2013  
Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ 
ÓÄÊ 617.735–002–02:616.379–008.64–092.9–085–07+577.11 
Âëèÿíèå ðåêîìáèíàíòíîãî ýðèòðîïîýòèíà íà ñòðóêòóðíûå èçìåíåíèÿ 
ñåò÷àòîé îáîëî÷êè, êîíöåíòðàöèþ ãåìîãëîáèíà è êîëè÷åñòâî ýðèòðîöèòîâ 
â ïåðèôåðè÷åñêîé êðîâè êðûñ íà ìîäåëè ñòðåïòîçîòîöèíîâîãî äèàáåòà 
Í. Â. Ïàñå÷íèêîâà, ÷ëåí-êîðð. ÍÀÌÍ Óêðàèíû, Â. À. Íàóìåíêî, ä-ð ìåä. íàóê, Â. Â. Âèò, 
ïðîô., Ò. Ñ. Ïèëüêåâè÷, àñïèðàíò 
ÃÓ «Èíñòèòóò ãëàçíûõ áîëåçíåé 
è òêàíåâîé òåðàïèè èì. 
Â. Ï. Ôèëàòîâà ÍÀÌÍ Óêðàèíû», 
Îäåññà, Óêðàèíà 
Àêòóàëüí³ñòü. Îñòàíí³ì ÷àñîì âåäóòüñÿ äîñë³äæåííÿ ïðî ðîëü åðèòðîïîå-
òèíó â ðîçâèòêó òà ïðîãðåñóâàíí³ ä³àáåòè÷íî¿ ðåòèíîïàò³¿. 
Ìåòîþ öüîãî äîñë³äæåííÿ º âèçíà÷åííÿ âïëèâó ðåêîìá³íàíòíîãî ÅÏÎ ó 
òâàðèí ç ñòðåïòîçîòîöèíîâèì ä³àáåòîì íà ñòðóêòóðí³ îñîáëèâîñò³ ñ³ò-
ê³âêè, à òàêîæ êîíöåíòðàö³þ ãåìîãëîá³íó òà ê³ëüê³ñòü åðèòðîöèò³â ó ïå-
ðèôåðè÷í³é êðîâ³. 
Ìàòåð³àë ³ ìåòîäè. Åêñïåðèìåíò ïðîâåäåíèé íà 30 ùóðàõ ïîðîäè Â³ñòàð. 
Öóêðîâèé ä³àáåò ìîäåëþâàëè çà äîïîìîãîþ îäíîðàçîâîãî âíóòð³øíüî÷åðåâ-
íîãî ââåäåííÿ ñòðåïòîçîòîöèíó â äîç³ 65 ìã íà 1 êã âàãè. Âñ³ ùóðè ðîçïî-
ä³ëÿëèñÿ íà òðè ãðóïè, ïî äåñÿòü ùóð³â ( 20 î÷åé ) ó êîæí³é ãðóï³. ² ãðóï-
ïà — ³íòàêòí³ òâàðèíè, ²² ãðóïïà –òâàðèíè ç ìîäåëüîâàíèì ä³àáåòîì, ²²² 
ãðóïïà — òâàðèíè ç ìîäåëüîâàíèì ä³àáåòîì, ùî îòðèìóâàëè ðÅÏÎ. Ââå-
äåííÿ ðÅÏÎ ïî÷èíàëîñÿ íà 10 äîáó â äîç³ 60 ÎÄ íà 1 êã ìàñè ò³ëà òðè ðàçè 
íà òèæäåíü ïðîòÿãîì äâîõ òèæí³â. 
Ðåçóëüòàòè. Ó ³íòàêòíèõ ùóð³â, â ïåðèôåðè÷í³é êðîâ³ òà â ñêëîâèäíîìó 
ò³ë³ âèçíà÷àºòüñÿ åðèòðîïîåòèí. Ââåäåííÿ òâàðèíàì ²²² ãðóïè ðÅÏÎ ïðè-
çâîäèòü äî äîñòîâ³ðíîãî ï³äâèùåííÿ êîíöåíòðàö³¿ ÅÏÎ â ïåðèôåðè÷í³é 
êðîâ³ òà ñêëîâèäíîìó ò³ë³, çá³ëüøåííþ ê³ëüêîñò³ åðèòðîöèò³â ó ïåðèôå-
ðè÷í³é êðîâ³ òà êîíöåíòðàö³¿ ãåìîãëîá³íó. Ó òâàðèí ²² ãðóïè â³äçíà÷àºòüñÿ 
ðîçâèòîê íàáðÿêó ñ³òê³âêè, âàêóîëüíà äåãåíåðàö³ÿ ãàíãë³îçíèõ êë³òèí ñ³ò-
ê³âêè, îçíàêè äåñòðóêòèâíèõ çì³í ñò³íîê ÷àñòèíè êàï³ëÿð³â ñ³òê³âêè , à 
ââåäåííÿ òâàðèíàì ²²² ãðóïè ðÅÏÎ ³ñòîòíî çíèæóº éìîâ³ðí³ñòü ö³õ çì³í. 
Êëþ÷åâûå ñëîâà: ñòðåïòîçîòî-




âèé ä³àáåò, ðåêîìá³íàíòíèé åðèòðî-
ïîåòèí, ä³àáåòè÷íà ðåòèíîïàò³ÿ. 
Effect of recombinant erythropoietin on structural changes of the retina, hemoglobin concentration 
and erythrocytes quantity in peripheral blood in streptozotocin-induced diabetic rats 
Pasyechnikova NV, Naumenko VA, Vit VV. Pilkevich TS 
SI «The Filatov Institute of Eye 
Diseases and Tissue Therapy of NAMS 
of Ukraine», Odessa, Ukraine 
Introduction. Recently the role of erythropoietin (Epo) in the development of dia-
betic retinopathy has been studied. 
Purpose. To determine the effect of recombinant erythropoietin (rEpo) on struc-
tural peculiarities of the retina, hemoglobin concentration and erythrocyte quan-
tity in peripheral blood in streptozotocin-induced diabetes animals. 
Methods. 30 Vistar rats were included in the experiment. Diabetes was simulated 
using a single intraperitoneal injection of streptozotocin in a dose of 65 mg per 1 
kg body weight. All rats were divided into three groups, each of 10 rats (20 eyes). 
Group 1 consisted of intact rats; group 2 — of streptozotocin-induced diabetes rats 
not receiving rEpo; group 3 — of streptozotocin-induced diabetes rats receiving 
rEpo. REpo administration started on the 10th day in a dose of 60 units per 1 kg of 
body weight three times a week during two weeks. 
© Í. Â. Ïàñå÷íèêîâà, Â. À. Íàóìåíêî, 
Â. Â. Âèò, Ò. Ñ. Ïèëüêåâè÷, 2013
Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ
 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 6, 2013 69
Àêòóàëüíîñòü. Ïî äàííûì Âñåìèðíîé îðãàíè-
çàöèè çäðàâîîõðàíåíèÿ, ïðèáëèçèòåëüíî 180 ìëí. 
ëþäåé âî âñåì ìèðå áîëåþò ñàõàðíûì äèàáåòîì 
(ÑÄ) [1, 3, 4]. Ïî ïðîãíîçàì ê 2018 ãîäó ýòà öèôðà 
óâåëè÷èòñÿ äî 366 ìëí. Áîëåå áûñòðûé ðîñò çàáîëå-
âàåìîñòè ïðåäïîëàãàåòñÿ â ðàçâèâàþùèõñÿ ñòðàíàõ, 
ïðåîáëàäàÿ ñðåäè ëèö òðóäîñïîñîáíîãî âîçðàñòà [2, 
5]. Äèàáåòè÷åñêàÿ ðåòèíîïàòèÿ (ÄÐÏ) îòíîñèòñÿ ê 
÷èñëó íàèáîëåå òÿæåëûõ ñîñóäèñòûõ îñëîæíåíèé 
ÑÄ [6, 7]. Âìåñòå ñ òåì ÄÐÏ ìîæíî ðàññìàòðèâàòü 
íå êàê îñëîæíåíèå, à êàê åñòåñòâåííûé ðåçóëüòàò 
ðàçâèòèÿ ïàòîëîãè÷åñêèõ èçìåíåíèé â ìèêðîñîñó-
äèñòîé ñåòè ñåò÷àòêè ó áîëüíûõ ÑÄ [8, 9]. 
Â ïîñëåäíåå âðåìÿ âåäåòñÿ èçó÷åíèå ðîëè ýðè-
òðîïîýòèíà (ÝÏÎ) â ðàçâèòèè è ïðîãðåññèðîâàíèè 
äèàáåòè÷åñêîé ðåòèíîïàòèè. Îäíàêî åäèíîãî ìíå-
íèÿ ïî ýòîìó ïîâîäó äî ñèõ ïîð íå ñóùåñòâóåò. Ïî 
ìíåíèþ íåêîòîðûõ àâòîðîâ, ïîâûøåííàÿ ïðîäóê-
öèÿ ÝÏÎ âî âíóòðèãëàçíîé æèäêîñòè ó ïàöèåíòîâ 
ñ äèàáåòîì è íàëè÷èåì äèàáåòè÷åñêîé ðåòèíîïàòèè 
èìååò çàùèòíûé õàðàêòåð çà ñ÷åò ìîùíîãî àíòèîê-
ñèäàíòíîãî è íåéðîïðîòåêòîðíîãî ýôôåêòîâ, à òàê-
æå ïðîòèâîèøåìè÷åñêîãî äåéñòâèÿ [11]. Íî åñòü è 
äðóãèå äàííûå, ñâèäåòåëüñòâóþùèå î òîì, ÷òî ÝÏÎ 
ìîæåò ÿâëÿòüñÿ èíäóêòîðîì àíãèîãåíåçà è òåì ñà-
ìûì óõóäøàòü òå÷åíèå äèàáåòè÷åñêîé ðåòèíîïàòèè 
[12]. Â ëèòåðàòóðå ïðèâåäåíû ñâåäåíèÿ îòíîñèòåëüíî 
òîãî, ÷òî ñóùåñòâóþò ôóíêöèîíàëüíûå ðåöåïòîðû ê 
ýðèòðîïîýòèíó íå òîëüêî íà ìåìáðàíàõ êëåòîê êðàñ-
íîãî ðîñòêà êîñòíîãî ìîçãà, íî è íà íåéðîíàõ [13]. 
Íåñìîòðÿ íà ìíîãî÷èñëåííûå èññëåäîâàíèÿ, 
ïðîâîäèìûå â ïîñëåäíåå âðåìÿ, äàííûõ îòíîñè-
òåëüíî íàëè÷èÿ è êîíöåíòðàöèè ýðèòðîïîýòèíà â 
ñòåêëîâèäíîì òåëå, à òàêæå âîçìîæíîãî åãî âëèÿ-
íèÿ íà òå÷åíèå ýêñïåðèìåíòàëüíîãî äèàáåòà ó êðûñ 
ïîðîäû Âèñòàð â ëèòåðàòóðå íå èìååòñÿ. 
Áëàãîäàðÿ èçó÷åííîìó îïîñðåäîâàííîìó ïðî-
òèâîèøåìè÷åñêîìó äåéñòâèþ ýðèòðîïîýòèíà íà 
òêàíè îðãàíèçìà ìîæíî ïðåäïîëîæèòü, ÷òî ýðèòðî-
ïîýòèí ìîæåò ñíèçèòü ñêîðîñòü ïðîãðåññèðîâàíèÿ 
äèàáåòè÷åñêîé ðåòèíîïàòè. 
Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ îïðå-
äåëåíèå âëèÿíèÿ ðåêîìáèíàíòíîãî ÝÏÎ ó æèâîò-
íûõ ñî ñòðåïòîçîòîöèíîâûì äèàáåòîì íà ñòðóê-
òóðíûå îñîáåííîñòè ñåò÷àòîé îáîëî÷êè, à òàêæå 
êîíöåíòðàöèþ ãåìîãëîáèíà è êîëè÷åñòâî ýðèòðî-
öèòîâ â ïåðèôåðè÷åñêîé êðîâè. 
Ìàòåðèàë è ìåòîäû 
Ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ïðîâåäåíî íà 60 ãëà-
çàõ (30 êðûñ), ïîðîäû Âèñòàð, ìàññîé 181,8–207,0 ã. Äî 
ïðîâåäåíèÿ îïûòà æèâîòíûå âûäåðæèâàëèñü â êàðàíòèíå 
â òå÷åíèå äâóõ íåäåëü. Ñîäåðæàëèñü æèâîòíûå â ñòàíäàðò-
íûõ óñëîâèÿõ âèâàðèÿ, íà ñòàíäàðòíîì âîäíîì è ïèòüåâîì 
ðåæèìàõ. Ýêñïåðèìåíò ïðîâîäèëè ñ âûïîëíåíèåì ýòè÷å-
ñêèõ íîðì, ïðåäóñìîòðåííûõ ìåæäóíàðîäíûìè ïðèíöèïàìè 
Åâðîïåéñêîé êîíâåíöèè «Î çàùèòå ïîçâîíî÷íûõ æèâîò-
íûõ, êîòîðûå èñïîëüçóþòñÿ äëÿ ýêñïåðèìåíòîâ è â äðóãèõ 
íàó÷íûõ öåëÿõ» (Ñòðàñáóðã, 1985) è íîðì áèîìåäèöèíñêîé 
ýòèêè, îäîáðåííûõ Ïåðâûì Íàöèîíàëüíûì êîíãðåññîì 
Óêðàèíû ïî áèîýòèêå (2001), à òàêæå Çàêîíà Óêðàèíû 
¹ 3447-IV «Ïðî çàõèñò òâàðèí â³ä æîðñòîêîãî ïîâîäæåí-
íÿ» (Êèåâ,2006). 
Âñå æèâîòíûå áûëè ðàñïðåäåëåíû ïî ñëåäóþùèì ãðóï-
ïàì: ïåðâàÿ ãðóïïà — èíòàêòíûå æèâîòíûå, âòîðàÿ — æè-
âîòíûå ñ ìîäåëèðîâàííûì ñàõàðíûì äèàáåòîì, òðåòüÿ ãðóï-
ïà — æèâîòíûå, ñ ìîäåëèðîâàííûì ñàõàðíûì äèàáåòîì, 
ïîëó÷àâøèå ðåêîìáèíàíòíûé ýðèòðîïîýòèí (ðÝÏÎ). Êàæ-
äàÿ ãðóïïà ñîñòîÿëà èç 10 æèâîòíûõ. 
Ñàõàðíûé äèàáåò ó êðûñ ìîäåëèðîâàëè îäíîðàçîâûì 
ââåäåíèåì âíóòðèáðþøèííî ñòðåïòîçîòîöèíà (SIGMA, 
ÑØÀ) â äîçå 65 ìã íà 1 êã ìàññû òåëà. Ïåðâûå ñèìïòîìû 
ñàõàðíîãî äèàáåòà ïîÿâëÿëèñü ÷åðåç òðîå ñóòîê ïîñëå ââå-
äåíèÿ ñòðåïòîçîòîöèíà ó âñåõ êðûñ âòîðîé è òðåòüåé ãðóïï. 
Îòìå÷àëîñü ïîâûøåíèå óðîâíÿ ñàõàðà êðîâè â ñðåäíåì äî 
10,0 ììîëü/ë, à òàêæå óâåëè÷åíèå ïðèåìà âîäû ïðè ïîñòî-
ÿííîì óâåëè÷åíèè äèóðåçà. 
Íà÷èíàÿ ñ äåñÿòûõ ñóòîê (ïåðèîä ñòàáèëüíîé ãèïåð-
ãëèêåìèè) [10] êðûñàì òðåòüåé ãðóïïû ââîäèëè ïîäêîæíî 
ðÝÏÎ 3 ðàçà â íåäåëþ ïî 60 ÅÄ íà 1 êã ìàññû òåëà â òå÷åíèå 
äâóõ íåäåëü. 
Æèâîòíûõ âûâîäèëè èç ýêñïåðèìåíòà ÷åðåç äâå íåäåëè 
îò íà÷àëà ýêñïåðèìåíòà äåêàïèòàöèåé ïîä ýôèðíûì íàðêî-
çîì, ïîñëå ÷åãî â ìèíèìàëüíûé ñðîê ïðîâîäèëè çàáîð 5 ìë 
êðîâè è ýíóêëåàöèþ ãëàç. Âûâåäåíèå ýêñïåðèìåíòàëüíûõ 
æèâîòíûõ ïðîâîäèëîñü îäíîâðåìåííî. 
Ãëàçíûå ÿáëîêè æèâîòíûõ ôèêñèðîâàëè â 10 % ðàñòâî-
ðå ôîðìàëèíà â òå÷åíèå 24–48 ÷àñîâ, ïîñëå ÷åãî âûïîëíÿëè 
ñòàíäàðòíóþ ìåòîäèêó îáðàáîòêè ìàòåðèàëà (çàêëþ÷åíèå 
ìàòåðèàëà â ïàðàôèí, îêðàøèâàíèå ñðåçîâ ãåìàòîêñèëèíîì 
è ýîçèíîì). Ãèñòîìîðôîëîãè÷åñêèå èññëåäîâàíèÿ ïðîâîäè-
ëèñü íà áàçå ëàáîðàòîðèè ïàòîìîðôîëîãèè è ýëåêòðîííîé 
ìèêðîñêîïèè ñ èñïîëüçîâàíèåì ìèêðîñêîïà Jenamed 2. 
Óðîâåíü ýðèòðîïîýòèíà â ïëàçìå êðîâè è ñòåêëîâèäíîì 
òåëå îïðåäåëÿëñÿ ñ ïîìîùüþ èììóíîôåðìåíòíîãî àíàëèçà. 
Äëÿ ýòîãî èñïîëüçîâàëèñü ïëàíøåòû äëÿ êîëè÷åñòâåííî-
ãî èçìåðåíèÿ ýðèòðîïîýòèíà â ñûâîðîòêå, ïëàçìå è äðóãèõ 
áèîëîãè÷åñêèõ æèäêîñòÿõ êðûñ (E90028 Ra 96 Tests Enzym-
Linked Immunosorbent Assay Kit for Erythropoetin, ïðîèçâîä-




Results. Epo was detected in peripheral blood and vitreous of intact rats. Eryth-
rocyte quantity and hemoglobin concentration in blood didn’t change in rats of 
Group 2. REpo administration in Group 3 led to significant increase of Epo con-
centration in peripheral blood and vitreous, increase of erythrocyte quantity and 
hemoglobin concentration. Development of retinal edema, vacuolar degeneration 
of retinal ganglion cells, signs of destructive changes in the retinal capillaries walls 
were noted in animals of Group 2, and rEpo administration significantly reduced 
the risk of development of those complications in Group 3.
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Ñòàòèñòè÷åñêóþ îáðàáîòêó äàííûõ ïðîâîäèëè ñ èñïîëü-
çîâàíèåì ñòàòèñòè÷åñêîé ïðîãðàììû Statistica 9.0. 
Äëÿ àíàëèçà ðàçëè÷èé êîëè÷åñòâåííûõ ïîêàçàòåëåé â 
ñðàâíèâàåìûõ ãðóïïàõ èñïîëüçîâàëè ïàðàìåòðè÷åñêèé äèñ-
ïåðñèîííûé àíàëèç (ANOVA) ñ ïðåäâàðèòåëüíîé îöåíêîé 
íîðìàëüíîñòè ðàñïðåäåëåíèÿ ïî êðèòåðèþ Øàïèðî-Óèëêñà. 
Ïîñëå ïðîâåäåíèÿ äèñïåðñèîííîãî àíàëèçà èñïîëüçîâàëè 
êðèòåðèé ìíîæåñòâåííîãî ñðàâíåíèÿ Íüþìàíà-Êåéëñà. 
Ðåçóëüòàòû èññëåäîâàíèÿ 
Ïðîâåäåííîå èññëåäîâàíèå âûÿâèëî, ÷òî ó èí-
òàêòíûõ êðûñ â ïåðèôåðè÷åñêîé êðîâè è ñòåêëî-
âèäíîì òåëå îïðåäåëÿåòñÿ ýðèòðîïîýòèí â êîí-
öåíòðàöèè (26,2±1,4) ïã/ìë è (331,6±21,8) ïã/ìë 
ñîîòâåòñòâåííî. 
Ïðè èññëåäîâàíèè óðîâíÿ ýðèòðîïîýòèíà ó 
êðûñ ñî ñòðåïòîçîòîöèíîâûì äèàáåòîì îáíàðóæå-
íî îòñóòñòâèå äîñòîâåðíîãî èçìåíåíèÿ åãî êîíöåí-
òðàöèè â ïåðèôåðè÷åñêîé êðîâè (ð=0,07) è äîñòî-
âåðíîå ïîâûøåíèå åãî óðîâíÿ â ñòåêëîâèäíîì òåëå 
(ð=0,001) (òàáë.1, 2). 
Àíàëèç óðîâíÿ ýðèòðîïîýòèíà ó êðûñ ñî ñòðåï-
òîçîòîöèíîâûì äèàáåòîì, êîòîðûì ââîäèëè ðåêîì-
áèíàíòíûé ÝÏÎ, âûÿâèë äîñòîâåðíîå óâåëè÷åíèå 
åãî óðîâíÿ êàê â ïåðèôåðè÷åñêîé êðîâè, òàê è â ñòå-
êëîâèäíîì òåëå ïî ñðàâíåíèþ ñ ïîêàçàòåëÿìè ïåð-
âîé è âòîðîé ýêñïåðèìåíòàëüíûõ ãðóïï (ð=0,0001). 
Óðîâåíü ãåìîãëîáèíà ó èíòàêòíûõ æèâîòíûõ ñî-
ñòàâèë â ñðåäíåì 148,0 ã/ë, à êîëè÷åñòâî ýðèòðîöè-
òîâ â ïåðèôåðè÷åñêîé êðîâè â ñðåäíåì 7,01012/ë. 
Ïðè èññëåäîâàíèè ýòèõ ïîêàçàòåëåé ó êðûñ âòî-
ðîé ãðóïïû óñòàíîâëåíî, ÷òî ïîêàçàòåëè óðîâíÿ 
ãåìîãëîáèíà è êîëè÷åñòâà ýðèòðîöèòîâ â ïåðè-
ôåðè÷åñêîé êðîâè äîñòîâåðíî íå îòëè÷àëèñü ïî 
ñðàâíåíèþ ñ èíòàêòíûìè æèâîòíûìè — 169,4 ã/ë 
è 6,81012/ë ñîîòâåòñòâåííî. Ó æèâîòíûõ òðåòüåé 
ãðóïïû ìû âûÿâèëè äîñòîâåðíîå ïîâûøåíèå ãåìî-
ãëîáèíà 249,2 ã/ë è êîëè÷åñòâà ýðèòðîöèòîâ â ïåðè-
ôåðè÷åñêîé êðîâè 8,41012/ë. 
Ïðè ïðîâåäåíèè ìîðôîëîãè÷åñêèõ èññëåäîâà-
íèé ñåò÷àòêè ó êðûñ ïåðâîé ãðóïïû åå ñòðóêòóð-
íûõ èçìåíåíèé íå âûÿâëåíî. Ïðè ìîðôîëîãè÷å-
ñêîì èññëåäîâàíèè ñåò÷àòêè êðûñ âòîðîé ãðóïïû 
ó 8 æèâîòíûõ èç 10 ìû âûÿâèëè: ôîêàëüíûé îòåê 
âíóòðåííåãî ïëåêñèôîðìíîãî ñëîÿ, íåðàâíîìåðíîå 
ðàñïðåäåëåíèå ãàíãëèîçíûõ êëåòîê, à òàêæå ôî-
êàëüíîå óìåíüøåíèå èõ êîëè÷åñòâà. Êàê âèäíî èç 
ðèñóíêà 1, ïðîèñõîäèò èçìåíåíèå ôîðìû è ðàçìå-
ðà ÿäåð êëåòîê. Êðîìå ÿäåð íåáîëüøîãî ðàçìåðà è 
êðóãëîé ôîðìû âèäíû ÿäðà çíà÷èòåëüíî áîëüøåãî 
ðàçìåðà è íåïðàâèëüíîé ôîðìû, à òàêæå èçìåíÿþò-
ñÿ èõ òèíêòîðèàëüíûå ñâîéñòâà. Â íåêîòîðûõ ÿäðàõ 
îòìå÷àåòñÿ äèôôóçíîå ðàñïðåäåëåíèå ãåòåðîõðî-
ìàòèíà. ×àñòü ãàíãëèîçíûõ êëåòîê ïîäâåðãàåòñÿ 
ïèêíîçó, ïðè ýòîì ÿäðà óìåíüøàþòñÿ â ðàçìåðàõ è 
ñòàíîâÿòñÿ ãèïåðõðîìíûìè. 
Âûÿâëåíû ñòðóêòóðíûå èçìåíåíèÿ ñåò÷àòîé 
îáîëî÷êè, êîòîðûå ïðîÿâëÿþòñÿ íåðàâíîìåðíûì 
ðàñïðåäåëåíèåì ãàíãëèîçíûõ êëåòîê ñ ó÷àñòêàìè èõ 
îòñóòñòâèÿ. Â ìåñòàõ îòñóòñòâèÿ ãàíãëèîçíûõ êëå-
òîê îòìå÷àåòñÿ èñòîí÷åíèå ñëîÿ íåðâíûõ âîëîêîí, 
à íà îñòàëüíîì ïðîòÿæåíèè ñëîé íåðâíûõ âîëîêîí 
îòå÷åí è èìååò ñåò÷àòûé âèä. Â ìåñòàõ íàèáîëåå 
âûðàæåííûõ äåãåíåðàòèâíûõ èçìåíåíèé ãàíãëè-
îçíûõ êëåòîê âûÿâëÿåòñÿ ðàçðóøåíèå âíóòðåííåé 
ïîãðàíè÷íîé ìåìáðàíû (ðèñ. 2). Êàêèõ-ëèáî ñó-
ùåñòâåííûõ èçìåíåíèé â îñòàëüíûõ ñëîÿõ ñåò÷àòîé 
îáîëî÷êè (âíóòðåííèé è íàðóæíûé ÿäåðíûå ñëîè, 
ïëåêñèôîðìíûå ñëîè, ñëîé ôîòîðåöåïòîðîâ) íå îá-
íàðóæèâàåòñÿ. 
Îáðàùàåò íà ñåáÿ âíèìàíèå íàëè÷èå îïðåäåëåí-
íûõ èçìåíåíèé ñîñóäèñòîé ñèñòåìû, ðàñïîëîæåí-
íîé âî âíóòðåííèõ ñëîÿõ ñåò÷àòêè, ïðîÿâëÿþùèõñÿ 
äåãåíåðàöèåé ýíäîòåëèàëüíîé âûñòèëêè êàïèëëÿð-
íûõ ñîñóäîâ (ðèñ. 3). Òàêæå îïðåäåëÿþòñÿ íåáîëü-
øèå ãëèàëüíûå ïðîëèôåðàòû âáëèçè ñîñóäîâ ñ ïðè-
çíàêàìè äåñòðóêöèè ñîñóäèñòîé ñòåíêè. Ìåñòàìè 
îòìå÷àåòñÿ ðàçðóøåíèå ñòåíêè ñîñóäîâ. Ó äâóõ æè-
âîòíûõ èç äåñÿòè êàêèõ-ëèáî âûðàæåííûõ èçìåíå-
íèé ñåò÷àòîé îáîëî÷êè íå îáíàðóæåíî. 
Ïðè èññëåäîâàíèè ñòðóêòóðíûõ èçìåíåíèé ñåò-
÷àòîé îáîëî÷êè ó êðûñ ñî ñòðåïòîçîòîöèíîâûì äè-
àáåòîì, êîòîðûå ïîëó÷àëè ðåêîìáèíàíòíûé ÝÏÎ, 
Òàáëèöà 1. Êîíöåíòðàöèÿ ÝÏÎ â êðîâè êðûñ ñïóñòÿ äâå íåäåëè ïîñëå ìîäåëèðîâàíèÿ ñàõàðíîãî äèàáåòà 
Ãðóïïà
Óðîâåíü ÝÏÎ â êðîâè 
(ïã/ìë) Ìm SD Ìåäèàíà ð









Ìîäåëèðîâàííûé ñàõàðíûé äèàáåò (n=10) 36,2±2,9 9,4 32,8
Ìîäåëèðîâàííûé ñàõàðíûé äèàáåò + ðÝÏÎ (n=10) 77,1±5,6 17,8 71,8
Òàáëèöà 2. Óðîâåíü ÝÏÎ â ñòåêëîâèäíîì òåëå ó êðûñ ñ äëèòåëüíîñòüþ ñàõàðíîãî äèàáåòà äâå íåäåëè 
Ãðóïïà
Óðîâåíü ÝÏÎ â ñòåêëîâèäíîì 
òåëå (ïã/ìë)Ì±m
SD Ìåäèàíà ð









Ìîäåëèðîâàííûé ñàõàðíûé äèàáåò (n=7) 431,5±14,1 37,2 442,2
Ìîäåëèðîâàííûé ñàõàðíûé äèàáåò + ðÝÏÎ (n=7) 497,8±20,5 54,2 487,2
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2. Ââåäåíèå æèâîòíûì ñ ìîäåëèðîâàííûì 
ñòðåïòîçîòîöèíîâûì äèàáåòîì ïîäêîæíî ðåêîìáè-
íàíòíîãî ÝÏÎ â äîçå 60 ÅÄ/êã ìàññû òåëà 3 ðàçà â 
íåäåëþ íà ïðîòÿæåíèè äâóõ íåäåëü ïðèâîäèò ê äî-
ñòîâåðíîìó ïîâûøåíèþ êîíöåíòðàöèè ÝÏÎ â ïå-
ðèôåðè÷åñêîé êðîâè äî 77,1 ±5,6 è ñòåêëîâèäíîì 
òåëå äî 497,8±20,5. 
3. Ïðè âîñïðîèçâåäåíèè ñòðåïòîçîòîöèíîâîãî 
äèàáåòà ó êðûñ (â òå÷åíèå äâóõ íåäåëü) íå èçìåíÿ-
þòñÿ êîëè÷åñòâî ýðèòðîöèòîâ è êîíöåíòðàöèÿ ãå-
ìîãëîáèíà â ïåðèôåðè÷åñêîé êðîâè, à ââåäåíèå 
ïîäêîæíî ðåêîìáèíàíòíîãî ÝÏÎ, â äîçå 60 ÅÄ/êã 
ìàññû òåëà 3 ðàçà â íåäåëþ, ïðèâîäèò ê óâåëè÷åíèþ 
êîëè÷åñòâà ýðèòðîöèòîâ è êîíöåíòðàöèè ãåìîãëî-
áèíà â ïåðèôåðè÷åñêîé êðîâè íà 20 % è 68 % ñîîò-
âåòñòâåííî. 
Ðèñ. 1. Ñòðóêòóðíûå îñîáåííîñòè ñåò÷àòîé îáîëî÷êè êðû-
ñû ñïóñòÿ äâå íåäåëè ïîñëå ìîäåëèðîâàíèÿ ñòðåïòîçîòî-
öèíîâîãî äèàáåòà. Îòìå÷àåòñÿ âûðàæåííàÿ âàêóîëüíàÿ 
äåãåíåðàöèÿ ÷àñòè ãàíãëèîçíûõ êëåòîê , ñîïðîâîæäàþ-
ùàÿñÿ ïèêíîçîì ÿäåð. Äåçîðãàíèçàöèÿ ñëîÿ íåðâíûõ âî-
ëîêîí. Îòñëîåíèå âíóòðåííåé ïîãðàíè÷íîé ìåìáðàíû. 
Ãåìàòîêñèëèí-ýîçèí. Õ 200 
Ðèñ. 2. Ñòðóêòóðíûå îñîáåííîñòè ñåò÷àòîé îáîëî÷êè êðûñû 
ñïóñòÿ äâå íåäåëè ïîñëå ìîäåëèðîâàíèÿ ñòðåïòîçîòîöèíî-
âîãî äèàáåòà. Ïîëíàÿ äåçîðãàíèçàöèÿ ñëîÿ íåðâíûõ âîëî-
êîí. Ïèêíîç ÿäåð ãàíãëèîçíûõ êëåòîê è îòñëîåíèå âíóòðåí-
íåé ïîãðàíè÷íîé ìåìáðàíû. Ãåìàòîêñèëèí-ýîçèí. Õ 200 
Ðèñ. 3. Ñòðóêòóðíûå îñîáåííîñòè ñåò÷àòîé îáîëî÷êè êðû-
ñû ñïóñòÿ äâå íåäåëè ïîñëå ìîäåëèðîâàíèÿ ñòðåïòîçîòî-
öèíîâîãî äèàáåòà. Ñóùåñòâåííîå èñòîí÷åíèå ñëîÿ íåðâíûõ 
âîëîêîí è îòåê ñîõðàíèâøèõñÿ ãàíãëèîçíûõ êëåòîê. Îòìå-
÷àåòñÿ íàáóõàíèå ýíäîòåëèàëüíûõ êëåòîê ñîñóäà, ðàñïîëî-
æåííîãî â ñëîå íåðâíûõ âîëîêîí è ôîêàëüíàÿ äåñòðóêöèÿ 
åãî ñòåíêè. Ãåìàòîêñèëèí-ýîçèí. Õ 200 
Ðèñ. 4. Ñòðóêòóðíûå îñîáåííîñòè ñåò÷àòîé îáîëî÷êè êðûñû 
ñïóñòÿ äâå íåäåëè ïîñëå ìîäåëèðîâàíèÿ ñòðåïòîçîòîöèíî-
âîãî äèàáåòà è ââåäåíèÿ ðåêîìáèíàíòíîãî ýðèòðîïîýòèíà. 
Îòìå÷àåòñÿ ðàâíîìåðíîå ðàñïðåäåëåíèå ãàíãëèîçíûõ êëå-
òîê áåç ïðèçíàêîâ âàêóîëüíîé äåãåíåðàöèè. Íåçíà÷èòåëü-
íûé îòåê ñëîÿ íåðâíûõ âîëîêîí. Ãåìàòîêñèëèí-ýîçèí. Õ 200 
òîëüêî ó äâóõ æèâîòíûõ èç 10 âûÿâëåíû èçìåíåíèÿ 
ñåò÷àòîé îáîëî÷êè, à èìåííî: ÿâëåíèÿ îòåêà âíó-
òðåííèõ ñëîåâ ñåò÷àòîé îáîëî÷êè ñðåäíåé ñòåïåíè 
âûðàæåííîñòè, â ÷àñòíîñòè ñëîÿ íåðâíûõ âîëîêîí. 
×àñòü ãàíãëèîçíûõ êëåòîê íàõîäèòñÿ â ñîñòîÿíèè 
âàêóîëüíîé äåãåíåðàöèè, ïðè ýòîì êëåòêè óâåëè-
÷åíû â ðàçìåðàõ, ÿäðà ïóçûðüêîâèäíûå è ñâåòëûå. 
Îòìå÷àåòñÿ íåðàâíîìåðíîå ðàñïðåäåëåíèå ãàí-
ãëèîçíûõ êëåòîê. Ñòðîåíèå êðîâåíîñíûõ ñîñóäîâ, 
ðàñïîëîæåííûõ âî âíóòðåííèõ ñëîÿõ ñåò÷àòêè, áåç 
ñóùåñòâåííûõ ñòðóêòóðíûõ èçìåíåíèé. Ó îñòàëü-
íûõ 8 æèâîòíûõ êàêèõ-ëèáî âûðàæåííûõ èçìåíå-
íèé ñòðîåíèÿ ñåò÷àòîé îáîëî÷êè íå îáíàðóæåíî 
(ðèñ. 4). 
Âûâîäû 
1. Ó êðûñ ïîðîäû Âèñòàð â ïåðèôåðè÷åñêîé êðî-
âè è â ñòåêëîâèäíîì òåëå îïðåäåëÿåòñÿ ýðèòðîïîý-
òèí â êîíöåíòðàöèè (26,2±1,4) ïã/ìë è (331,6±21,8) 
ïã/ìë ñîîòâåòñòâåííî. 
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4. Ó æèâîòíûõ ñ ìîäåëèðîâàííûì ñòðåïòîçîòî-
öèíîâûì äèàáåòîì â 80 % ñëó÷àåâ ðàçâèâàåòñÿ îòåê 
ñåò÷àòîé îáîëî÷êè, âàêóîëüíàÿ äåãåíåðàöèÿ ãàí-
ãëèîçíûõ êëåòîê, ïðèçíàêè äåñòðóêòèâíûõ èçìåíå-
íèé ñòåíîê ÷àñòè êàïèëëÿðîâ ñåò÷àòêè. 
5. Ââåäåíèå æèâîòíûì ñ âîñïðîèçâåäåííûì 
ñòðåïòîçîòîöèíîâûì äèàáåòîì ðÝÏÎ â òå÷åíèå 
äâóõ íåäåëü ïðèâîäèò ê ñíèæåíèþ êàê ÷àñòîòû ðàç-
âèòèÿ (20 %), òàê è ñòåïåíè ïîâðåæäåíèÿ ñåò÷àòîé 
îáîëî÷êè. 
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